Calculation of the species-area ratio in Latvia (Laiviòð and Gavrilova, 2009) indicates that the terrestrial part of the Lake Engure Nature Park (128 km 2 , except the adjacent marine area 71.9 km 2 ) contains 220 more species than would be expected by the average number per 1 km 2 in Latvia.
INTRODUCTION
Overall, the richness of vascular plant species and communities is associated with natural environmental conditions, particularly with humid and calcareous substrates. Also human impact over the 19 th to 20 th centuries have positively influenced the diversification of flora and vegetation in the Lake Engure area. The water table of Lake Engure was lowered in 1842, thus creating about 45 km 2 of land (Vîksne, 1997) . This created a suitable habitat for numerous plant species and communities. Presently, about 160 years later, many plant communities in the former lake bottom, particularly forests communities, are in various successional stages, increasing species richness of the area. Regular grass cutting and grazing, especially in the 19 th century and the beginning of the 20 th century (Birzvalks, 1938; Vîksne, 1997) were also among the significant influencing factors promoting the diversification of flora and plant communities.
In the nature park, there is a well-pronounced dominance of native species that comprise 92.4% of all vascular plant species, while the alien species form only 7.6% (68 species) of the flora in the nature park. Overall, in Latvia alien plant species comprise about 33% of the flora (Gavrilova and Ðulcs, 1999; Priede, 2009b) . Thus, the significant proportion of native species in the flora of the nature park indicates high naturalness and low human pressure on ecosystems. In the future, establishment and spread of new alien plant species might be expected, thus causing transforma-PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 65 (2011 ), No. 5/6 (674/675), pp. 154-163. DOI: 10.2478 tion of the flora and environment. Therefore, it is necessary to understand the current composition and distribution patterns of alien flora and its relation to habitats in the nature park. This paper is targeted at identification and analysis of features of the alien flora in the nature park.
In this study, only neophytes (non-native species established in Latvia after the 18 th century) were recognised as aliens. The terminology used in this paper is derived from the widely used terms adventive species (unintentionally introduced species) and escaped species (garden escapees, species escaped from cultivation). This division is used also in the latest published checklist of the Latvian flora (Gavrilova and Ðulcs, 1999) .
MATERIALS AND METHODS
Study site. Lake Engure is the core of the nature park, and is the oldest protected and the most diverse part of the study area. The first status of a protected area was granted to the lake in 1957 with the total area 45.0 km 2 (Linkaitis and Rîts, 1972) . Later, the borders of the protected nature area were extended several times, and in 1998 the lake and its surroundings became a nature park with a total area of 199.9 km 2 . Currently it is included in the lists of Natura 2000 and Ramsar sites (Kabucis et al., 2004) .
The diversity of land use types in the nature park are well represented in the CORINE Land Cover 2006 data base (Anonymous, 2010) . In the nature park, the relative area of open waters and wetlands is 66.8% of the total area. The largest part of this area falls into the aquatorium of the Gulf of Riga, with 36.4%, and 12.9% in Lake Engure. Large areas (17.5%) are covered by inland marshes and fens located along the shores of Lake Engure. 26.2% of the area in the nature park is forested: 18.5% by coniferous forests and 7.7% by mixed forests. 5.3% of the area is scrubland, which surrounds the lake and occurs on abandoned agricultural land. Presently, the area utilised for agriculture (pastures, meadows, arable lands) is small and comprises 1.3%. Dunes occur in only about 0.1% of the area, and urban land-use in about 0.4% of the total area of the nature park.
Flora inventory.
Field inventory of the vascular plant flora in the Lake Engure Nature Park was conducted by Ì. Gavrilova in 1983 to 1989. The territory was divided into a regular 0.5 × 0.6 km grid (totally 594 grid squares); in each grid square all vascular plants were recorded. As a result, the checklist of the Lake Engure Nature Park (Gavrilova, 1999; Gavrilova and Baroniòa, 2000) and the Atlas of the Lake Engure Nature Park (Gavrilova et al., 2005) were compiled. In 2010, the vascular alien flora of the Lake Engure Nature Park and the Lake Engure drainage basin was surveyed by A. Priede. The species nomenclature follows Gavrilova and Ðulcs (1999) .
Classification of habitats. Habitat type(s) for each alien species were defined. Habitats found in the territory were divided into seven major groups and 26 sub-types according to their floristic and physiognomic features (Appendix 3). The habitat types were identified according to the hierarchically highest syntaxa in Latvia (class, order and alliance levels) (e.g., Laiviòð, 1998; Rûsiòa, 2007; Salmiòa, 2009) and the principles of classification of habitats in Latvia and classification of protected habitats in the European Union (Auniòð et al., 2000; Kabucis, 2000; Auniòð, 2010) .
Data analysis and mapping. Multi-variate analysis using Principal Component Analysis (PCA; McCune and Grace, 2002) was applied to determine the main gradients in composition of adventive and escaped specie communities in relation to habitat types.
A regular grid was used in mapping of species distributions,. The size of each grid unit was 0.5 × 0.5 km. Species distribution maps were created using ESRI ArcView 9.3 software. The visual design of maps was created by K. Sonèika (Sonèika, 2006) .
RESULTS
Biogeography of alien plant species in the nature park.
In total, 68 vascular alien plant species were recorded. According to their origin and pathways, they were divided into two groups: adventive species, which established and spread without intentional human assistance (22 species, Appendix 1), and escaped species -species escaped from cultivation (e.g., gardens, parks), established and spread without direct human assistance (46 species, Appendix 2). (Fig. 1 ).
Significant differences were found between adventive species and escaped species in the spectrum of sectorial ranges (Fig. 2) . Among the adventive species there were many cosmopolitan species, which are tolerant (indifferent) against the variation of air temperatures and moisture. However, the escaped species with distribution ranges in Holarctic zones are predominantly sub-oceanic. In the Lake Engure Nature Park sandy substrates prevail, which intensifies the continentality of microclimate. Therefore, there are numerous adventive alien species (32% of all alien flora in the nature park) with sub-continental (Acorus calamus, Asperugo procumbens, Buglossoides arvensis, Corispermum leptopterum and Rumex confertus) and continental (Atriplex hortensis and Sisymbrium loeselii) distribution ranges.
Distribution of alien plant species in the nature park.
The highest richness of alien plant species in the nature park was found in disturbed, modified habits in dynamic successional stages, such as roadsides, abandoned homesteads and arable lands and gardens. In the nature park, 53% (n = 35) of the alien species recorded was found on roadsides. Roadsides are rich both in adventive species (64% of all recorded alien species) and in escaped species (48% of all recorded alien species) ( Table 1 ).
The second alien-richest habitat type was abandoned and extensively managed homesteads and their surroundings, which harboured 33% (n = 22) of the total number of recorded alien species. Coastal habitats (dunes, coastal marshes and muddy beaches) are among the alien-richest habitats. The narrow coastal zone harbours a surprisingly high number of escaped species (36%). Evidently, the alien species spread out of the neighbouring gardens of coastal villages (Bçrzciems, Mçrsrags, Abragciems, Engure), establishing in the nearby coastal habitats. Most probably, the intensive use of the coastal zone for recreational purposes promotes the spread of propagules and invasion of numerous species. Escaped species found only in coastal habitats were Rosa acicularis, Salix x rubens and Sambucus nigra.
In Lake Engure and other shallow standing or slow-flowing freshwater bodies (drainage ditches, margins of ditches) few adventive species were recorded: Acorus calamus, Elodea canadensis, Epilobium adenocaulon and E. rubescens. In freshwater habitats only one escaped species -Zizania aquatica was found, which was intentionally introduced in the Lake Engure in 1951 (Spuris, 1953; 1955; Êðèñòêàëíå, 1959) , where the species successfully established, though not spreading over large areas. presently, established stands of Z. aquatica are known in the west part of the lake only (Gavrilova et al., 2005) .
In forest habitats (dry pine woodlands, mixed deciduous-spruce forests, forest roads and tracks, forest glades, willow scrublands) mainly escaped species were recorded: Crataegus alemanniensis var. Conyza canadensis were found only on forest roads and tracks.
Alien species were not found in moist and humid natural and semi-natural habitats: bog woodlands, swampy black alder forests, tall sedge and Molinia grasslands, fens and transitional mores and in calcareous fen-grassland habitats. The only species found in the Schoenus ferrugineus community in a transitional successional stage was Aquilegia vulgaris.
The composition of alien flora is shown in two-dimensional PCA ordination graphs (Fig. 3, Fig. 4 ). In the nature park, roadsides with gravely substrate (habitat 22 in Appendix 3) harbour numerous alien species and form a rather compact group in the ordination space. Arable lands, gardens and homesteads (habitats 20 and 21 in Appendix 3), and scrublands and freshwater habitats (habitats 8-12 and 16 in Appendix 3) also form compact groups in the ordination space.
Most of alien species have concentrated in the coastal villages along the Gulf of Riga (Mçrsrags, Bçrzciems, Abragciems, Engure villages), in the surroundings of the villages on the west coast of the Lake Engure (Íûïciems, Krievragciems, Dzedri and Íipatciems villages), in areas dominated by agricultural lands (arable lands, gardens, grasslands, pastures etc.), in the surroundings of human settlements and in the vicinity of roads, sea coast and streams discharging into Lake Engure (Dzedrupe and Dursupe) (Figs. 5, 6) .
No significant differences were found in the distribution patterns of adventive and escaped species (Figs. 5, 6 ). Species of both groups are concentrated in the surroundings of human settlements and roadsides, which are suitable habitats for most of the alien species. Human settlements are the major donor areas of alien species, and therefore surrounding suitable habitats are often invaded by alien plant species. Some roads play a crucial role in the spread of alien species. We suggest that the formation of floristic diversity in the nature park has been promoted by successful long-term migration, particularly along the sea coast and streams, while the short-term spread of alien plants occurs mainly along human-created pathways (Fig. 7) .
DISCUSSION
Most of the alien species in the nature park are rather common in Latvia, but some are fairly rare or have uneven distribution patterns, e. 2009b), where the majority of alien plant species are concentrated in urban areas, and near roads, agricultural lands, and sub-urban forests. In comparison to the overall situation in Latvia, the Lake Engure Nature Park is relatively little affected by human-caused habitat modifications, it is rich in native species and is less affected by plant invasions. Since fragmented and urbanised landscapes lie almost only in the marginal areas of the nature park, large areas of natural and semi-natural habitats and high naturalness of vegetation play perhaps a significant role as natural barriers hindering alien invasions in the nature park. 
